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Forward

Thank you Andrea Luecke, the City of The following information, calculations,
Milwaukee, WE Energy, Attendees, and drawings, and conclusions are part of an
the US Department of Energy for the educational seminar intended to present
opportunity to present this material. a process. No claim is being made as to

Regardless of how one may quantify the their accuracy or relevance as errors
benefits of renewable energies it is our have been discovered since their
duty as engineers, installers, and code creation. In addition no information
officials to take into account all aspects should be taken from the, drawings,
of the installation. This includes the tables or code excerpts due to the
impact on the existing structure. potential for them to be incomplete, out of

date, or still under development. Consult
your local building official for the current
and complete information.

This material should, at the very least, make
one aware of the potential to do harm
and instill the need to address the
building structure.

William H. Lindau, P.E.
Lindau Companies, Inc.
Hudson, Wisconsin
715-386-4444
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Objectives & Scope

To present the process by which a Limited to:
structural engineer might Residential structures as defined
evaluate a buildings ability to and governed by the Uniform
support solar hot water or photo Dwelling Code of Wisconsin
voltaic equipment. Administrative Code (UDC)

To provided examples of drawings
and calculations that could be Flush mounted flat solar panels
an important part of the Photo Voltaic

permitting process. Solar Hot Water

Wood Construction

- . Simple Trusses or Rafters
William H. Lindau, P.E.

Lindau Companies, Inc.
Hudson, Wisconsin
715-386-4444

The calculations and drawings
presented here have not been
checked and could contain errors.

Copyright 2010 Lindau Companies, Inc.



http://www.legis.state.wi.us/rsb/code/comm/comm020.html

PRESENTATION

Today'’s presentation is intended to provide a
process from which a determination can be
made as to a building’s ability to support
solar equipment. This process can
Incorporate many complicated mathematical
calculations and the designer should be
aware of their own, as well as their insurance
policies, limitations:

Copyright 2010 Lindau Companies, Inc.



Wisconsin Administration Code Requirements

Based on my review and conversations with building
officials:

Calculations may be required by a building official but they do
not need to be created by a registered professional engineer.

UDC can be interpreted and a permit application submitted
by a contractor, designer or owner

For all new construction, the Code must be satisfied as a
minimum

Existing construction that does not meet the minimum ode
requirements is not required to be brought within compliance
but no increased or new loads can be imparted on it.

Structural elements that do not conform to the Code cannot
be modified in such a way that decrease their strength.

Copyright 2010 Lindau Companies, Inc.



Wisconsin Administration Code

Chapter Comm 20
ADMINISTRATION AND ENFORCEMENT

Subrhaptet [ — Parpese smd Scops
Coairn 2001

[am—r) su.pc

Comen W03 Effective due

Coern 2004 Applicstinis

Comn 2005 Exciptions

Subehagpier 11 — Jurislicdion

Comarn 2006 Prisedhare fioe s palilies
Comn 20068 Biie jorkaliction

Subechsper T — D:I"-.uul
Comen 2007 Defisition

Subehupter TV — Apgnal and Inspection of Onc— and -Famdly Drrellsgs

sinig wtors buikling et

Comeen 311

Sunpeming o svition of Wi ufirs buiding e

e o Become familiar with the entire Code — it
= can only help you
e T B www.leqis.state.wi.us/rsb/code/comm/comm020.html

Subckapier VIl — Variamers, Appesls, Viedation ssd Prabtics
Cineecti 30 19 Pesiinn fi viriine

Cineeess 3020 Mussiciual varisnes: o he code

Cimizes W1 21 Al of sl detempssaticrss, s fion <atessiens o e Y
Comisi 3027 Poasltics aid v oo

Subckapicr IX — Aduption of Stamdanks
Comm 3034 Adoption of standsed

Typically Chapters 20, 21 and the

Nabe: Clogies ILHR 20 wis EIIIII'HIH]-\.IDPEI Comin 1 wides i 129326
1, s, dond Soisestion e under 4 1399 (2am) ()& il 7. Wuu-ﬁ.:gm
Jnn.un H'H' Ha SIT.

Sobchapter I — Purpose and Scope

Comm 200 Purpose. (1) The purpose of this code is to

esmblish uniform saewide consmiction sandards and inspection
procecures for one— and —family dwellings and modular homes
i accardance with the requirements of =5. 101.60 and 101.70,
Stats.

{2] The purpose of this code is to establish uniform installa-
tion and inspection procedures for mamfactored homes m accor-
dance with the requirements of 5. 10194, Sats.

ate: The: &g ieal constiatins of sl o 4 g by
] Degantimest of Hosssing snd Urhan Development wides Titke 36 CFR F.n m

Nate: Sez ch Cosws § for Becming mpismess Tor mislienue] home
i turen snd noeulutesd b tallan

Norte: Ohes sgemss nsey linve regpulations do affect the devign, comstrocnn o
|I_L:=...=- ru:u...dl:.s...a_‘_mn atriactistes of ales serving e dwelling

I S ]

fo iyl

Hisery: Cr Regiser, Movesibes, 1979, o 187, o 6~1-80, sm Reginer,
Melanch, 1932, Ho. 433, off &~1—3; CR06—071: sevmemn . Coonems 3000 m bes {11 1
(2} Regiises Diecember 306 Bo, 612, ofT 4107, comreetion in {1} mude under &
13,92 () () 7. kit Regsstes March 2009 Mo, 639

Comm 20.02 Scope. (1) Geerar The provisions of
this code apply o all of the following:

(a) Allope— and 2-family dwellings built on or afier the efec-
tive dates under 5. Comm 20.03.

. .-n.mdm |In.lul:|us.::-buill_!.|}u-:lllji|w ..u.lmd:jnﬂ_ |.;Ju¢..5.*...=u s e
e g bt o ek iyt ot el ot LT i, which
i icovereal sepmridety ndes s s

Q:- -l.:hl. it family homes providing care, reamment and services
for 3 or 4 unrelated adults ikt on or after the effective dates umder
5. Comm 20.03.

(c) Commumity—based residential facilities providing care.
reatment and services for 5 to 2 unmelated adults tuilt on or afier
the effective dates under 5. Comm 20.03.

(d) The onsite installation of a mobile home or mamifactared
bome on piers, regardless of the d.uhen\t".lmducmnuﬂh! bome.
115 Dcparonts of Housiog o Uhae Dovclapca s s ok syt s 1O
.éi_uiﬁgu. Fricr éwmuum'mmm_umm|....='“==L-=w.
s mach e st semd thei desi g s coesduction weere oo mifermly mpubeal R
. Cotam 20007 (5 1m) for e alaory delinison

appendices are the most applicable

“Work shall be done in a workmanlike
manner’

Become familiar with all structure
affected by installation of solar

(&) The onsite mstallation of a mannfachmed home, regandlsss
«of the type of foundation, where the mamifactured home has a pro-
duction date on or after April 1, 2007 [

(f) The design and construction of a crawlspace, basement ar
foumdation, other than piers, under a homs where
ﬂ:zmm;ﬁ::mﬂ.hmhn:nmd:mdanemmn&umeeﬁc
tive dates under 5. Comm 20003,

All paragzes, carponts, porches, o decks, balcomies,
am{f'a]mmd,musmmmmmmedmmbmlm
covered under thiz section that was constructed or had a produc- )
tion date on or after the efective dates under . Comm 20.03.

(h) Adjacent, unattached strachmes listed wmder par. () that
sSErve an exit from a dwelling.

{2) Minacieal ORDINANCES A municipality may oot

n:lﬂptmaMenmnmnb]ect iz within the scops of this
.&:-dﬂ!_lll.:ndl%:l;g esmblishin nﬁl.'lny:hm; an the acmg of -

ATy TEAsOm ompliance m
um?t’ﬂn.—.mden:;etfnrﬂlm, mmm;ﬂl]ﬂ(—l] 'J'hl_acpgg.e eqUIp ent
does not apply to OCCUPANCY TeqUirements
occupancy for residential purposes Eu]owmg% mspecn.om
required mnder 5. Comm 30,10 (3) (h) [ )

() This code shall not be construed to affect bocal require-

Follow load path through foundation

Don’t apply additional loads to non-
Code compliant, damaged, or
guestionable structural elements
without providing adequate
reinforcement

‘ments relatmg to land use, Zoning, post-Constroction siom water
manazement, fire dismicts, side, and rear sethack require-
menis, requirements of other similar requirements. [ ]
]hsm%.u:ﬂnmaﬂmmmafmmmﬁesmm
safety regulations for the protection of the public from hazards at
the job slte.

) Amy mtm.npa]rr\ ordinance, require permits and
Eeeifu: any %mﬁ:&.mmmm
within the :cmle ath.L;mde

(d) Aoy umicipality may, by ordinance, adopt the provisions
of chs. Comm 20 o 25 to apply to any additions or alterations fo
Em.su.ngd.wﬂ]mg.

&) £ in this shall prevent a mumicipality from
mn(of the following: chaper e

1. Implementing erasion and sediment control requirements
that are more = than the standards of this cods when
directed by an order of the United States Environmental Protec-
thon Agency or by an adminisiative rule of the depariment of nai-
mremrh:.:da’ NE 151.004.

Fegulating erosion and sediment control for sites that are

m‘tm:lxﬂ:e:mpeufﬁ:usma.uw

Regiiter, My, 1609, No. 641
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Uniform Dwelling Code of the
Wisconsin Administrative
Code (UDC)

* Most of the information
needed is located in
Chapter 21 and
Appendices

15 DEPARTMENT OF COMMERCE Comm 21.02

Tnofficial Text (See Printed Volome). Corrent throwpgh date and Register shown on Title Page.

Chapter Comm 21
CONSTRUCTION STANDARDS

Sl — Beape

Coamiin $101  Geope

Sulhagpter T — n—.-ﬁnn-h

Casien 21,00 s posteesiali

Ceamin 21,03 Emh

Cemn 21035 [merior circulution

Comirn 2104 Biirwiys aad cheviled wsia.

Coain 21043 Laddesy

Coman 11045 Raiegs

Coin 2105 Matursd Tight sl salusil versibison
Comn 2106 Coiling height

Comum 10T Antie ned cra] spoae acci

Ceamin 2108 Fire ] dwelling wsil
Comin 21085 Fiehlocking

Comn 2100 Smoke detedion

Comn 21035 Auonmt fire sprishien

Comirn 21097  Carbon saacoids sl

Coaiin 21,10 Prslsction agaaey docay sl lermiled
Coman 21,11 Fooe plasatie.

Coamin 20,115 Isiblkation of elevaon of dusilrailer.

Subschapter 11 — Eacavation:
Coamin 21,12 Grade

Comm 21.12%  Ersion aontmil sad sediment corerol.
Comun 21126 Blormn wiler mascggemesl.

Coain 20,13 Ensivion wljesnt 1o adjoising prpety
Comn 21,14 Encovatiom for fbetings and foundstines.

r IV — Fitings
rm 115 Footing
Coaiin 21,16 ool prodection.

My Bnl ¥] wies remersbe e 1o be clugpier TLHR 21, Regiser, Febnry,
1985, Mo, 150, &l 3-1-85 Chagier TLHE 21 wid resusiberd Consiim 21
undn-|139‘1|}np|'|:'|l Saas aned comedctioes made under 4 1393 (Jm) (b 6 and

Bails ier, Ry, 1999, Mo, 317, Chapter Comm T wiis reprised o
t-mnik .nkdr-m:.,m#anuhzmm.m

Subchapter I — Scope

[:om|1121D1 Sl:upe The provisions ter shall
to the desizn and msumo\faﬂm— dng
5

Histery: Cs Regiser, Movemher, 1979, Mo, 17, o 6~1-80

Subchapter Il — Design Criteria

Comm 2102 Loads and materals. dwellinz
Mhdﬁgmﬂmﬂ:mmn@admumdmeﬁm
ments of this section.

{1) Desues Loam. Ereydnl.h.ugsha]]be(’ﬁagmdmdmn—
stracied to suppart the ncrnal(hadha.ﬂ.llﬁlnmisudwmdlmds
acting upon It without exc ﬂh‘mblesn&sgﬁufﬂ:e
in a system pmvmsamnphm Ea‘mcq:u ramsfir-
ring all loads from point of erizin through the lad-resistng ele-
ments to the foundation.

(aJMDmd.!um‘.i Era]rdwnj]ingﬁﬁlbedﬁigmdma;dmn-
stracted to COMmpOonENts and maer:
ials. Emil—gmad be designed and comstrocted
to suppart the actual weight of all sodl leads.

Comes 3107 Do iles.

H&Tutr\"—l’--ddh.
Comam 1118 Fousdisiom.

V1 — Flainrs
Comm 3119 Floss desi
Cofes 1120 Cofcssie
Coverei Y1 203 m’hﬂ
Coeeati 11 205 Noars: i et with e grousd
Cofiin 11 21  Procssl concrele Mosei
Coerei 31 23 Wosed M M
Cofeesi 11 235 Diacha

H&Tu:-'ﬂ'l—u
Comes 1127 Wall design
Comeesi 31 24 Esnesion aowesil
Com 1125 Wood lrame
Comes 11 26 Masonry wall.

VI — Rl sl Ceilings

Come 3127 Roof design asd f
Comss 7128 Wealhes prisisction fir seli.
— Firplace

nmilzn Mssonry

Clorssa 1130 '\d.-:nhrn.im-p:.

Coms 2131 Facsory—uik fecphes
X— ™ I

Coms 1111 Comtruction i

Coss 11 14 u_mmn@uﬂwwm

P~ X1 — Nnstaliatiion o Miamed 4 Bemes

Cofeeti 11 .40 lrotsdlatios samlands

%I‘"m 1. Floors and ceilings. Fkurs.tﬂm.hngsha]l
irned and constracted to support the minimom live

listed in Table 21.02 Thenia,gn]mdshﬂlberp;lhedmfm]y

over the component area

TABLE 1102
Live Load
Componeat (pounds per sq. fi.)
Floors . 40
Garage ﬂn-acrs 50
E.ﬂnmrha.bumﬁ. (hr_ks ]Kl'dl.E a0
Ceilings (with storage) . . 0
Ceilings (without :rmge] 5

1. Spow loads. Rnnﬁﬂaﬂhemglnim:mumdm

mﬂtﬁ!mﬂnmmlmdshmdmﬁnmm@ The
shall be assumed to act vertically over the roof area pro-

jected upon a horizontal plana.

{c) Wind loads. Dwellings shall be desizned and constrocted
to withstand a horizemtal and uplift pressure of 20 pounds per
square foot acting over the arface area.

{d) Fasteners. All building components shall be fastened to
Nise: h&w:awurhuﬂﬂhw:t
allowwerd il ergginered udst 5. Comm 2102 (3)

Regismes, Ociober, 109, Ho. 646



Uniform Dwelling Code of the
Wisconsin Administrative
Code (UDC)

Comm 21.02

WISCONSIN ADMINISTRATIVE CODE 16

TUnofficial Text (See Printed Volume). Corvent throwgh date and Register shown on Title Page.

the

tiom, Ims

{2) MEmons oF pesia. All
method of stnaciural

{3) STRUCTURAL 1T.-'L‘L'.|m'1 (@
practica

dwellings shall be desirmed by
amalysis or the method of accepted prac-
tice spacified in sach part of this code.

Fwee: Scech NR 116, s of e cpammces of ssacal rescuns, for sl

i U evarien of & h"mﬁm

nforstalion
mb:nbl.—:‘ll’mﬂ:lﬂ.if:q il

mﬂmrﬁlw.ﬁu‘m o

Figure 11.02

!

the following naticnally recopmized standards
() Mood. 1. Except as provided in subd. 1.2 and b, smrrml

hambes, laminated timber, tim _'El.h.ngs

shall be slgmdma::udm:ewﬂldn mmalemgnSpeu
firation for Wiood Constmaction”™ and the * Values for Wood
Construction,” a supplement to the Mational Design Specification
for Wood Constroction.

EONE MAF FOR ROOF LOADS

Resganer, Qotsler, 2009, Mo, 646

ROOF LQADS
fone 1 40 PS.F
Zaone 2 30 P5S.E

ol P

am " nu.n!ﬂu Bz
[TR]L ek 9
“ _run-:-i-l

¥

)
ki)

.‘i‘l‘.rsh Ill.l.ll:iluln TR




Uniform Dwelling Code of the
Wisconsin Administrative
Code (UDC)

* Snow load reduction for

roof slope

* Review all of the Code,
can only help

42-7 DEPARTMENT OF COMMERCE

Comm 2427

Tnofficial Text (See Printed Volome). Corrent throwpgh date and Register shown on Title Page.

Sobchapter VI — Roof and Ceilings
Comm 2127 Roof design and frami (1) Smruc-
TimaL DESGH. (3) General. Roof and assemiblies
shall suppaort all dead leads phus the minimom lve loads wnder
(c) and 5. Comam 21.02 H= P
s3] _@p.lac.:rb.rm of tmbies. The joist and rafter tables in the
are valid for roofs with a minimum of 3in 12
slopes require enginesring analysic ar be provided
with a ridze beam
rogy mow loads. Snow loads spedfied ins. Comm
1L gﬂ (1) (1) 2. may be reduced for reof shopes greater than 30°
by multipt the snow lead by Cs. The value of Cs shall be
di‘lnrmilﬁrllrlfgihefollumng:

cr-1-@39)
20

‘where a is the slope of the roof expressed in degress.

Mt A moof pitch of T in 12 is equal 1 30"

{2) Latesar RESTRANT OF warls Provisions shall be aken
to absorh the borizontal thrust roof
memdmmcmmmm?m%ua
or 2 5ystem desizned through sinuciural anabysis.
'nﬁLHdHurramwcmmms (2) (emeral. 1. Roofs shall

a pressure of at least 2 pounds per square foot acting
upward neemal o the roof aurface.

2. Boof overhangs, eaves, canopies and comices shall with-
stand an upward wind of ar least 20
stand an upward wind pressurs T4 pounds per square

(b} dnchorage. 1. Roof fammg members spanming more than
6 feat measured from mmmﬂnrmfsha]lhepu-
fastened to the top plate
Eﬂ.g;lIEEt'EﬂdlpS,SlﬂpSl‘.l’hng&
2 Roof framing ﬁfeeturhsmmed
imﬂ:eurmmst ufdmmn\f
to the fop plate of wallsu.mgme—naﬂmgormgim-
ered clips, siraps or bangers

Wb For isfirmsiies on loe mmdling, s de Gaterey schedble mble in e Appen-
diz.

#} Boor rarTeRs. (7) (emeral 1. Raffers chall be notched
the exterior wall mdfaslenedmﬂrwall

2. Collar ties shall be installed on the ﬂmﬂufwuylhnd
pair of atntting roof Afers or every 42 HE,
T S S e i e

{b) Ridge boargr. 1. Where mafters meet to form a ndge, the
rafters shall be attached to a ridge board.

2. The ridze board shall have a depdh at least equal to the
lenpth of the cut end of the rafter abutting it.

3. Where all rafters are placed directly opposite each other o
mnﬁanﬂnﬁ“ﬂhyhs&mﬂnﬂﬂmofﬂnm
the ridge board have a nominal thickness of at least 1 inch.

4. Where one or mare afters are offset at the ridge board by

71 more than the thirkness of the rafter, the ridze board shall have a

nominal thickness of at least I inches.
{c) Rigpe beoms. Fafters shall be amached to Teeams
d.lps.mpsuhangmw mnidcﬁmslmll

"%} Yo dusigned through structural amalyes

{d) Bearing. The required bearing for wood mfters chall be n
accordance with the NDS in Table 20242, except in oo
case shall the bearing be less 144 inches onwood or metal o
less tham 3 inches on masenTy ar concrete.

&) Ladders. 1. end walls of more than 12

shall be provided with which extend into the siruc-
ture a distance oo less than the length of the overhang.

1. The ladders shall be fastened at the wall.

3. The interior end of each ladder shall be attached to a mfter
or tnuss with a hanper.

Pioe: Foor ihe prarpoecs of in section, & bidder i define] 6 & pespendiculis
jocticn Exending bey s e e of e wall bk e

{3} Cemmecioists (@) Ceiling joists shall be nailed to exterior
walls and to the ends of rafters

) Ends of z shall be lapped at least 3 inches and

-] %Eﬁdmﬂsunmmmmm

juist requirements wmder 5. Comm 31,22 {4) {a) 1. d.
..N&- B il Fasteney tablle in the Appendis fof & sailing schadele fof ceiling

{c) Whene ceiling joists are placed at right angles wﬂ!mﬂms,
thie lookout joist or ties shall be fastened o the
juists or raffers using engineered clips, staps or
ﬂmmgh

comnection shall be desipned sml:nlalmalym
{6} Warw Fvamnwmms rgfters. 1. Where oo
hearing is provided under m msecum of 2 mof

areas, hwﬂqnﬁasshﬂhedmﬁhdnthﬂwsmﬂshllhe
at]ﬂaﬂlmﬂﬁ[hq:ertmﬂ!rm[maimnﬂ!bnpﬂml
full bearing at the beweled end.

1. Where ridees are provided at different elevations, vertical
support shall be provided for the interior end of the lower ddze
board of ridgs beam

{IJ righers. Where no bearing is provided under bip af-

%h;lmﬁﬂsshdlben\fd:esmﬂnchﬁsucmmnnf-
mmmuusmzmwmmwm
full contact with the jack mfier

{7} Roor Taimsrs. (3) Metal plate commected wood roof
tus&usha]lbeﬂmgmdmmdameuﬂtﬁlmmms
adopted under = Comm 230 24

'&us;mmhusshﬂmbeumhmadwmdnd,mqj
as under sub. (B) (d).

) If coonection is provided to s@abilize a non—load bearing
mﬁ.asln‘ltedeq:ansimjedumdipiallheusei

(B} MorcHmc avmeormic. (@) General. 1. Motching and bar-
mgut'hﬂnﬂrgmius:smhﬂmedmlﬁsmdm
sml:n.nlmal

m:lmﬁ ‘baring of ceiling, and rafiers shall com-
]mﬂ[t) joists COm-

Regines, Dowober, 109, Mo, 646
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TUnofficial Text (See Printed Volume). mmm-ﬂmﬂxm- 'lﬂm

Uniform Dwelling Code of the e AT, Mot e

a. Having a depth excesding '; the hﬂmﬂhmhu

Wisconsin Administrative b S ey et e

2. Where ceiling joists or afters are notched at the ends, the

e e

poich may not exceed ¥4 the depth of the member et ;:mmn»hnmruﬁcimlmwu” . 1

i i e =g
C@dﬁ «Um) 3. Bird meuth cuts may not excead 1y the depeh of the rafer ¢4 fypne S5 &S ngion Rauts ) i g b sk Euin B e
umnlsss the seat cut bears folly on the wall plate. ésﬂifr Amsiig d E0TC B U EE T -&-u

ﬂ;ﬁ&w b 5

N o - v 04y TS0 T niid ¢

(c) Boring. 1. Hales barsd within J inches of the top erbottom. |~ 700 i e mw T
fine joists o rafi not el 3 in the oriddle s of ﬁ qﬂr.‘ 'ualapnml .WJ,U ) - ”M. qi% f ‘ 1£
spnu';ﬂumhu g aglEl ook eE LT T

1 The diameter of a hole may not excesd 1/, the depth of the

3. A hols may not be bored within 2 inches of a notch or
another hale.

4. The distance between adjacent holes be loss than oo o b r
the diamater of the larger hals. oy et it 4¢§I'J§M-E.xrmwgln mégbinphﬂ!ﬁﬁﬂsh@rém

— ) :fmmmdm
a-eﬂﬁ Mmmm f-ﬁ: ﬁmfﬁ ﬂ?ggﬁmﬁmﬂt ol i Llhm

mmmuw& = éﬁ%cﬁ%ﬁm%ﬁgmm
B0nF SHEATHING, . (@) Struchral farza flda

The alomabiz Joats and spans for srucharal sheathing ﬁﬁdﬁvfmﬂfmnmim;a
Mhmmmmwmmmm I!EIMEEEd.?AS]TdI!H.FE
(b) Rogfboards. 1. Where the rafier spacing is 24 inches on.
center ar less, roof boards mary be nsed that bave a meinimmm thick-
Hiﬂg—mﬁsﬂﬂmﬂﬁr‘—ﬂﬁlmm
ing.

2 Where the miter spacing is preater than 24 inches an center,
roof boards chall be tongue and groove, at least 1.5 mches thick

(c) Rogfplanis. 1. Boof planks shall be tonmue and sroove 4
or splined and at least 2 inches, nominal in thickness.

2. Planks shall terminats over beams umlsss the joints are end
matched.

3. The planks shall be kid so that no contimos line of joints
will ocour except at points of support

4 Flﬂsghllh-emihllﬂmdwudlhmm

Ot Registes, November, 197, Mo 287, o 61801, e (3) (4L
ﬂmmmaﬂ—ngmm[u-mm
199z,

mm LRt
FincEsi et layar ei:us\'\u"hﬁ.ib bﬂfq.g-:nkﬂl;
AT thmu a:unsiﬂzﬂtwmmmrm

MW FE )
i il S5 e E -1 Ntlbﬂé’g:;fdx mnqs e 3
“%WH&ME mqﬂmﬂp ;bzblmpﬁ- T tg m#mw
T shidiedas 11| 1o ot 3 Tgert Sl ganid mﬂnﬁﬂmmzhﬁﬂ
. = o P , EH : mm,ﬂsm’ 3 ._.lu..l'-

o i $ 3 ..

mﬁi&me:mmmﬁm .

¢

b : Sk b R b3k (3] 2R, o g Y- ek L1 o
=] m;hngﬂmmagadw béhmﬁﬂ:-rﬂ:zmmmw :::ﬂ‘ﬁeu— m;a:p{a‘u -smm#&,_-_!r-pi __mgi?g.‘;

mmm mﬁﬁﬁeﬁﬁ}ﬁgaduﬁ e, :-w ww»uﬁ Muaca_glm,_ by 42 o)
mw #{ghmmmm(ﬂ m- 3 ] u,.\mfh A t’“‘

Rsgiues, Octsher, 20049, Mo, 646

Copyright 2010 Lindau Companies, Inc. 10



Uniform Dwelling Code of the
Wisconsin Administrative
Code (UDC)

* Note limitations of table

* Snow load reduction

WISCONSIN ADMINISTRATIVE CODE 22
Unafficial Text (See Printed Vobume). Current through date and Register shown on Title Page.
UDC Floor & Ceiling Joist and Boof Rafter Span Tables and Desizn Valne Tables

Use the following Span Tables to determine the maximum spans for floor and cedling joists and roof rafters. These spans are
bazed on:
Simple single spanc (although the tables may be safely used for continmous two—span floor joists)
Uniformly distribated loads
Fully supported members with one edge properly sheathed and nailed

For floor joists and roof rafters, the top edge shall be properly sheathed and nailed
Bafters with a mimimom 3:12 slops

L]

Thecummﬁmem:hﬁmnhb]emgmmmﬂ:emperl.eﬁha:ﬂcmand]sa]snslmmmaedmﬂ:etah]eofﬁpmhﬁsb&]m
Choose the appropriate Span Table based on the member type and required loading. Select your desired ber depth, member
sparing and span o determine the mininmm Fb vale. Mote that these tahles include recommended deflection criteria. However,
fior swict code complisnce, only the Fib swength requirements mmst be satisfied. The modulus of elasticity (E) values, would
be met for serviceability purposes only.

Note that straight—line interpolation is permitted for intermediate spans snd desipn valies. 5pan is messured from face to face
of supporis plus one—half of the required bearing of 1.5" on wood or metal and 3" on masonry or concrete at each end. For
sloping rafters, the span is measured along the horizontal projection.

Section Commm 21 27 allows redoction of the snow live load for roof slopes zreater than 30 deprees (7/12 slope) based on the

formmla Cs = 1 — (a3—30)/40, where “a” is the slope of the roof expressed in degress. Following is a table of tabulated vahies
fior certain roof slopes.
N Zone 1 Live Zome I Live Load
Slope Angle in Degrees Load (psf) (psf)
12 30 40 30
10112 40 30 2125

1212 45 25 18.8
14/12 50 20 15

Use the Desizn Vale tsbles following the Span Tables to determine the accepeable species and grades to satisfy minimum
Fbvalues obtained from the Span Tables. The Wahue tables assume at least three members spaced no more than 247
on center. Use the Mormal Durstion colummn Fi v for joists and the Snow Loadmg column Fb wales for rafters.

See the following examples for fimther puidance.

Resgisier, March, 2009, Mo 639



o3 NIL
Unafficial Text (See Printed Volome). Corrent throngh date and Register shown on Title Page.

Uniform Dwelling Code of the Tibiesare sepimed couresy of Americsn Focst & Faper Amocinben.

. . e, . Table Live Load | Dead Load - e
Wisconsin Administrative No. | Memberre | Tou" | s Condition (Defiecion)
F-2 Floor Joists 40 10 - L360
CO d e (U DC) €1 | Ceiling Joists 10 5 Drywall ceiling, no attic storage L7240
c-2 Ceiling Joists 20 10 Aftic storage L2240
B2 Foof Bafters 0 10 Maxirmim 2 layers of asphalt shingles or L240
(Zone 1) wood shakes/chingles
B3 Foof Bafters 40 10 Maxirmm ? layers of asphalt shingles or L240
(Zone 1) wood shakes/shingles
B-10 | RoofRafters 30 20 Heavy roof covering (clay tle) L2240
(Zone 2)
E-11 | Roof Rafters 40 20 Heavy roof covering (clay i) L7240
. (Zoma 1)
HOW tO ChOOSG a table B-14 | RoofRafiers 30 10 Maxirmim 2 layers of asphalt shingles or L/180
(Zone 2) wood shakes/shingles
B-15 | RoofRafters 40 10 Miximmm 2 £ i L/180
1) Rafter or Floor ’ o i s
E-27 | RoofRafiers 30 20 Heavy roof coverme (clay tie) L1180
(Zone 2)
E-23 | RoofRafters 40 0 Heavy roof covering (clay ti) L1180
(Tone 1)
2) Loads *Dieflection criteria are optimal . For roof rafters with drywall oo the underside, use the stricter L2440 tahles to limt deflection
1. Floor Joists. Assume a required single span of 125", dead load of 10 psf and joists spaced 16" on censer.

Example

Table F-2 (se2 ﬁu-llm'h.xrg highlighted tables) shows that one solution is 2 grade of 2x8 having an Fib vale of 1255 wounld
allow a span of 12'—10" which satisfies the condition. (Mote that the recommended E value to limit deflaction would be
1,600,008.) Guoing to the Desipn Value Tables, we find that a5 an example, 2x8 Hem Fir grade Mo 1 has an Fo value of
1310 for normal duration. (Tt also has an E value of 1,500,000 which does not sati=fy the recommended deflaction criteria.)

3) Ceiling covering and Of 18 o s spicad 16" oncomtn Stva the 105 s shalower 711, there -2 llowable reducios o o st
live load. Table F—3 shows that a 2x8 having an Fb value of 1300 would allow a span of 13°—1" which satisfies the condi-
i i Fid et a5 3m exampie. 228 Douglas Fir-Larch grade No 2 b an P vaue of 1390 fo saom oading. (1 a0 bas i
deflection requirements e 3o b e e e o e

4) Roofing weight
* “Light” roofing < 10 psf

Rz gier, Warck, 2009, Mo, 639



Uniform Dwelling Code of the
Wisconsin Administrative

TABLE R-14
Code (U DC) RAFTERS WITH L/180 DEFLECTION LIMITATION
DESIGN CRITERIA- * Use Table R-14 — 30 psf LL 10 psf DL
w_lmmn{ﬂ“fph ” H ”»
Duad Load of 10 paf dstarmmines s sequired banding dosign valus. « 2xXx6 @ 16” 0.c. 10’-0” span
i pofdegat L rdegr-tere Y - Fb=1100psi E =0.69 x 1,000,000=690,000 psi
: :;—u Filer el Caradgin vl e, Py o]

e L 1 [E- 4] Ly £ ] 150 i T [k ] i e m m iy +m 150 EL T e L1 e

]
E
B
]
E
i
-

ma L g =1 3-8 = 1 (=] - F a1 -4 = i =i w4 =T [ CR P

Bl ] -
[LF] - =i 4 =il ik = (] P-4 ¥-F L] d=i ] [ o] i - k] i -3 — o]
- [LE] Bel -1 2 4= 4= =1 b ] 3 =i &2 ] -l =1 1 -4 a1 -2 -1 B -1 51 -8 =i B L]
M ] -1 -3 =1 EEL) il A= =i - Sl ko Lol [ i -F e =i =1 -t P - Benis =i d-i Bed -8 -1 -
[EF] = = - — = ot MLE T - TR F R T I F I T JNE S5 TN E T TS L R
[TF] -4 -1 e e a=i (21 Lo ] = 1o I T S TE R TR TR T E T T % B & e I e I L
- Hid b e [ Lo PR ii-3 in=ii - -  Ew - b i B (L] m=F (L]
1] (=] LS ] =1 =1 =t -1 T4 = I T -1 L L] L] (1 T T T B S N I E T I = = - S T |
(5] (= £ 124 - 13-4 ] (L] H-lE 13- [T ] (T I B i = (15 -4 (LT ] -1 -4 -l E ] =il
i a Fa B-i - B-ii o= Ei-t i34 E-id ik (L] ] iz S (] By=d (£ i id-i -1 (L] L] [ LI ] i
(L5 i 1-1 = L] e Ei -1 mi=k 133 3-8 b4 Id=i8 - [T O} (E2 C ] (Lo L (5] i -9 e ri-t
Bid a - B4 B-i L] = =i B e - ifi-® 3-8 i ik-h i = - =il E8-d (EE] Rt SRt ] e i el (L F-id il
[EF] 1B -l - Bl IR sl 1N Bl R B H Ee B Bl B B
a - -4 in-F i i EE 13-4 s i 1¥-ii ] i Eis] £ -4 Ei-li B Ei-i i == R ] i
L Hid -3 - it mi-F i34 B i Bl i34 i 1k -k - =i i L] -1 Fi-i Ti-i -1 i =i Th-F =i -k Heb
ba P4 - i w4 ii-a Ei-ii 1 e i i 1 i - it i -4 =il 4 (L LI ] = 2i-i dz-a Ti-i B - -1
B A i L1 i LE i (R (L) L (L] e ik i-id £ (K] ik (T il isd i L] L .
B a i i A L & s [ET] [:E]] () [T ) an haik LE ] (L] i (E] i (¥ ] [E .. i EE 1. EE . L
B Hid e [ 7] il L 5o il 5] [P (0] ik A aii L L Li# i i idl (E] [E it () i iid L] Sad I8
B Bid i L. il { &) (L) iid L [ P a¥ LE ik e ] i-id s (N ] [E (£ ] (£ ) i [t Liai 1id kL - L EL)

[T
Fete: The roguined medelus of clisticity, E, in 1,000,000 pousds per aquare inch i ihown i (e bomom of cach mile, & limied o 16 millon pe s less, s is applicable 10 ol lusiber oy shown. Spans s sbows is fod—incha
sl e Esiited 10 26" e b Eh:.iln.:hufiﬂi}fmirﬁlﬂ:ilﬁjhnﬁ:iﬂht‘;ﬂhﬁrtﬂhﬂnlﬂ'

* Locate member size, spacing and span

* Follow up to Fb,,, and down to E .,
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Uniform Dwelling Code of the
Wisconsin Administrative
Code (UDC)

* Note range in values

* Unless the lumber is
stamped with grade and
species, use SPF (South)
and verify No. 2 grade per
the following information

WISCONSIN ADMIMNISTRATIVE CODE 110
Unafficial Text (See Printed Volume). Current throwgh date and Register shown on Title Page.
Deagn Valur 1= Bead g, L
Grading Fnle:
Species and Grads Size | NormalDwration | SoowLoading | Msdwin: of Flasticity “E” Agency

Donglas Fir-Larch (Nerth)
Taloct Senctmal TS TR0 TS50
Fo.l Mol 1435 1635 1500000
T3 ] L2 TH00
B b 1] L35 THn
Comwtracten TS 1555 T30
[ Tndard 5] i3] TR
ity 0 330 1300000
Talact Stactumal JEES] #E3] TS
Fo.l Mo b 1335 1420 1500000
L7 T 5] THO00
B TS THL0 | MLGA
Taloct Seactmal TS b TS50
To.l Has b TT=0 TS0 T
] 35 753 1300000
Taloct Senctumal LE5] TR JEDT0]
a1 Mo =10 055 1200 1500000
T3 ] L] TH00
Talact Shnctmal T TVl T
Fo.l Ha3 2212 3] TR0 TR0
Tl 53] [:£3]] TR
Tongh: Fr—Souih
Talact Snctumal L5 TR0 LA
Mol 1333 1783 1300000
7] 53] EER] TR0
Tl Ixd 1] L2 T
B ] 25 TIG00
Crantrachon TS ik TR on
o (5] i3] TG00
[Thlty i1 )] T
Salact Stuctual 1935 FFEE] 130000
Fa.l TS T T30
Ho2 ] [EEE] 1830 1300000
Fo3 T 18] T
KT L] 1] TIO0O0 | WWEA
Talect Stractumal TS Y TR
ol 2x§ T EE] T
Wol TIE0 10 | BT
L7 54 s3] T
Salact Stuctumal 1653 1690 400,000
Ha.l 10 T30 T30 T30
T TS TS0 T
T3 00 L] TIGI00
Taloct Stractumal LELE] TP0 T
Ha.l 12 TS T30 T30
ot 31 TR0 T
W3 545 530 1100000

Regiaer, Manch, M09, No. 539




Methods for Evaluating a Structure

Simplified method (compare new to existing):

« Determine original design loads of an existing structure and verify conformance to the current
building code

» Determine and account for changes to roof loads due to the installation of solar equipment
* Live loads
* Snow loads
+ Dead loads
» Other loads per building code

« Make comparison between the structure as originally designed and the structure after the solar
equipment has been installed.

More detailed method of evaluation:

» Perform complete structural analysis and review of all structural elements affected by the
installation and make a determination as to their adequacy

* Includes the analysis of members, their connections, bearing condition, and stability,
» Follows loads through the foundations

» Used when the simplified method cannot be performed, is not conclusive, or yields unfavorable
results and reinforcing the structure is not easily accomplished.

» Removes any doubt of adequacy and grey areas
+ Usually performed by a Structural Engineer.
Only the simplified method is included in this presentation

Copyright 2010 Lindau Companies, Inc.



Information required for evaluation

Original building construction documents or as-built drawings noting:
* Roof construction
» Rafter size, species, grade, span, and spacing
» Truss design literature
» Roof sheathing thickness and type
* Roofing material and composition
» Celling location and composition
* Any other elements affected by installation
» Typical elements include walls, headers, beams, and foundations.

» Missing or incomplete data requires the designer/reviewer to take a conservative approach and
could delay permitting process

Solar equipment specifications and layout including:
« Weights of all equipment and their distribution
» Locations of all equipment and supports

Current and applicable code and standards
« Uniform Dwelling Code of the Wisconsin Administrative Code
» Additional design references as applicable




Roof Construction

TRUSSES RAFTERS
Structural elements consisting of multiple With room within attic space
members orientated in triangular . Can be complicated and are
patterns outside the scope of this
Original truss design documents, created by presentation.
the manufacturer, are needed to utilize Without room in attic space

the simplified method of evaluation. Simple spans that can be

evaluated with the use of UDC

ipt

AR\




Index of Examples

Example 1 — Flush Mounted Solar Hot Water
Flashed Into Roofing — NO RAILS — Rafter Roof

Example 2 — Flush Mounted Solar Hot Water
Flashed Into Roof — NO RAILS — Truss Roof

Example 3 — Flush Mounted PV System
Supported by Rails — Rafter Roof

Example 4 — Flush Mounted PV System
Supported by Rails — Truss Roof

Copyright 2010 Lindau Companies, Inc.



Example 1 — Flush Mounted Solar Hot Water Flashed

Into Roofing — NO RAILS - Rafter Roof

1. Check adherence to current building code

a. Tabulate dead loads
b. DL<10 psf or 10<DL<20 psf
c. Check UDC tables

2. Tabulate new loads

a. Solar panel weight
b. Removal of roofing

3. Make comparison & judgment

(Creating moment and shear diagrams may be helpful if member
capacity is borderline)

Copyright 2010 Lindau Companies, Inc.



Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Panels consist of (3) 72"x54"
141lb SHW bearing directly
on roof sheathing.

* Roofing material is removed
at panel

* Panel sits directly on roof
sheathing and is supported on
all sides

* Flashing is installed around
panels

Copyright 2010 Lindau Companles, Inc.
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into @ e or e A1 cstng: dut e ety

the simachural amatysis or the methoed of accepted prac-
tice spacified in sach part of this code.

Roofing — NO RAILS - Rafter ﬁ%ﬁ::‘i'?-%:t:ﬂ:::muw

ROOf tiom, 1nstallation, practs Demdmmdmrﬁlmjumm

Comm 21.02 WISCONSIN ADMINISTRATIVE CODE

TUnofficial Text (See Printed Volume). Corvent throwgh date and Register shown on Title Page.

the following naticnally recopmized standards

{b) Food. | Exceptas

providedin subd. 1.2 and b, smrrml

hambes, laminated timber, tim _'El.h.ngs
shall be slgmdma::udm:ewﬂldn mmalemgnSpeu

firation for Wiood Constmaction”™ and the *

Construction,” a supplement to the Mational Design Specification

for Wood Constroction.

Figure 11.02

EONE MAF FOR ROOF LOADS

ROOF LOADS
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Resganer, Qotsler, 2009, Mo, 646
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Rafter

* Zone 2 = 30 psf

* No ceiling thus L/180
defection requirement

* “Light” roofing < 10 psf

* Table R-14

o3 NIL
Unafficial Text (See Printed Volome). Corrent throngh date and Register shown on Title Page.

Tables are reprinted conrtesy of American Forest & Paper Associafion

Table Live Load | Dead Load - ;
- Member Type Condition (Deflection)™
No. (o) (@sD) )
F-2 Floor Joists 40 10 - L7360
Cc-1 Ceiling Joists 10 5 Drywall ceiling, no attic storage L2240
c2 Ceiling Joists 0 10 AIfic storage L7240
B2 Poof Rafters 30 10 Maxirmim 2 layers of asphalt shingles or L2240
(Zone 1) wood shakes/chingles
B3 Poof Bafters 40 10 Mawimmmm 2 layers of asphalt shingles or L2240
(Zone 1) wood shakes/shingles
B-10 Roof Rafters 30 20 Heavy roof covering (clay tile) Li240
(Zone 2)
-1 Roof Bafters 40 20 Heavy roof covering (clay tile) L2240
(Zome 1)
R-14 Roof Rafters 30 10 Maxinmm 2 layers of asphalt shingles or L1180
(Zone 2) wood shakes/shingles
R-15 Roof Rafiers 40 (Zone 10 Maximmum 2 layers of asphalt shingles or L1180
1) wood shakes/shingles
R-27 Roof Rafters 30 20 Heavy roof covermg, (clay tile) L1820
(Zone 2)
R-23 Poof Rafters 40 20 Heavy roof covering (clay tile) L1280
(Zome 1)

*Diefler tinn cxiteria are optional . Far roof afters with drywall on the wnderside, use the stricter L2440 ables to mit deflection

Example 1. Floor Joists. Assume a required single span of 125", dead load of 10 psf and joists spaced 16" on censer.
Table F-2 (se2 ﬁu-llm'h.xrg highlighted tables) shows that one solution is 2 grade of 2x8 having an Fib vale of 1255 wounld
allow a span of 12'—10" which satisfies the condition. (Mote that the recommended E value to limit deflaction would be
1,600,008.) Guoing to the Desipn Value Tables, we find that a5 an example, 2x8 Hem Fir grade Mo 1 has an Fo value of
1310 for normal duration. (Tt also has an E value of 1,500,000 which does not sati=fy the recommended deflaction criteria.)

1. Rafters. Assume a horizontal projected span of 13°—0", a live load of 40 psf, dead load of 10 psf, a roof slope
of 4/12 and rafiers spaced 16" on center. Since the slope is shallower than 7/12, there is no allowshls reduction of the snow
live load. Table F—3 shows that a 2x8 having an Fb value of 1300 would allow a span of 13°—1" which satisfies the condi-
tion. (Mote that the recommended E value to limit deflection would be 1,120,000.) Going to the Desizn Value Tables, we
find that == an exsmple. %8 Donglas Fir-—Lamch prade Mo 2 has an Fb value of 1390 for snow loading (It also has an E
value of 1 600,000 which satisfies the recommended deflection criteria)

Rz gier, Warck, 2009, Mo, 639



Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS - Rafter
TABLE E-14

Roof RAFTERS WITH L/180 DEFLECTION LIMITATION

DESIGN CRITERIA: » Use Table R-14 — 30 psf LL 10 psf DL

M@Eﬁmﬁmmh@m. « 2xXx6 @ 16” 0.c. 10’-0” span
i pofdegat L rdegr-tere Y - Fb=1100psi E =0.69 x 1,000,000=690,000 psi
: ::q Filer el Caradgin vl e, Py o]

e L 1 [E- 4] Ly £ ] 150 i T [k ] i e m m iy +m 150 EL T e L1 e
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]
E
i
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* Locate member size, spacing and span

* Follow up to Fb,,, and down to E .,
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Note range in values

* Unless the lumber is
stamped with grade and
species, use SPF (South)
and verify No. 2 grade per
“Identifying #2 Structural
Framing” (attached).

WISCONSIN ADMIMNISTRATIVE CODE 110
Unafficial Text (See Printed Volume). Current throwgh date and Register shown on Title Page.
Deagn Valur 1= Bead g, L
Grading Fnle:
Species and Grads Size | NormalDwration | SoowLoading | Msdwin: of Flasticity “E” Agency

Donglas Fir-Larch (Nerth)
Taloct Senctmal TS TR0 TS50
Fo.l Mol 1435 1635 1500000
T3 ] L2 TH00
B b 1] L35 THn
Comwtracten TS 1555 TS50
[ Tndard 5] i3] TR
ity 0 330 1300000
Talact Stactumal JEES] = TS
Fo.l Mo b 1335 1420 1500000
L7 T 5] THO00
TS TS0 TH000 | MLGA
Taloct Seactmal TS b TS50
To.l Has b TT=0 TS0 T
] 35 753 1300000
Taloct Senctumal LE5] TR JEDT0]
a1 Mo =10 055 1200 1500000
T3 ] L] TH00
Talact Shnctmal T TVl T
Fo.l Ha3 2212 3] TR0 TR0
Tl 53] [:£3]] TR
Dionglhs Fir—South
Talact Snctumal L5 TR0 THom
Mol 1333 1783 1300000
7] 53] EER] TR0
Tl Ixd 1] L2 T
B ] 25 TIG00
Crantrachon TS ik TR on
o (5] i3] TG00
[Thlty i1 )] T
Salact Stuctual 1935 FFEE] 130000
Fa.l TS T T30
Ho2 ] [EEE] 1830 1300000
Fo3 T 18] TI0I00
KT L] 1] TIO0O0 | WWEA
Talect Stractumal TS Y TR
ol 2x§ T EE] T
Wol TIE0 10 | BT
L7 54 s3] T
Salact Stuctumal 1653 1690 130,000
Ha.l 10 T30 T30 T30
T TS TS0 T
T3 00 L] TIGI00
Taloct Stractumal LELE] TP0 T
Ha.l 12 TS T30 T30
. 31 TR0 T
W3 545 530 1100000
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Weights of building materials
should be calculated for each
job based on a thorough
examination of the building

Exercise in unit conversion

A B U INE W AMBRIAL U %lenT>S  (DERAD LIRD,
SHINGLES 2 1A Qoo™ /[ looeet = 2 esE
ARLu 265%/ twont v 2-6Sese
[ Vo
PLYweor O.40  per /9 OF  THICK NRESS
\’Z: - 0.4 x (;:‘ior - L6 Hleaer

(0«45 -0.80 a/'/w" Fo t OSB)
E_m (SOUT‘HE'LN Q\NQ @ 36’4 PCF>

(27
(5P({uct§ Pren Foll @ Z‘b--wcﬁ) Mustore
SPF
) " ' n 5
2)((0 (/7_ XS/Z = O-ZS\/\Z
L€4% Lb =
(At x —— K Z6.4 b2 Lo
&5 g 144 * £+3 ,2__‘ T
[}
€ Z4 o.C.
o A Lk
Bk B8 w LEES = foGg
4 2 fr Ex"
FI
e b o.c
| = |.b &
2.1 ¥ {-?/Z/ Cd fr
OTHe& DEepo Lopos @ INSULATION
(P L 50me0
MAZCHARNILAL  BEGQio\fme ot
27
Rérees neiz(®)
Timegl (eomsmuttiun  [MAarderC Amitica,y 'NS1AUTE oF

4”\ ANt F i B Cennst@ucnard
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter

Roof

* Always provide manufacturer’s
product specification that
include the product weights with
the permit application

VELUX solar collector

Measurements (inches)

Code
Gmss 5 T20
Frame W 528 9 07 H 707 462 54.8
Glass I 515 4316 204 J 604 4.9 535
Aperture E 495 4L6 274 F 674 429 56
Absnrier K 498 419 278 L &7 432 519

Technical specifications

CLRU1Z 4000 CLIU12 4000

CLI 5064000  CLI MO8 4000

Collector weight 130 130 B 57
Al Weight wi'fluid ul | 141 ™ &4
Gressarea| 241 n 152 125
Collector area (sq ft.) Aperture anea 231 1 124 98
Absarherarea 4 4 126 10,0
Fluid volume (gal) 058 058 034 024
M ax operating presaure (psi) 87 a7 87 a7
Test prezsure {psi) 145 145 145 145
Stagnation temperature (F) I Er I 365
Clear day 9 9 15 12
g et SO T 5 n ;
Cloudy day il il 6 5
Clearday B 19 10 8
ety [ owa ey u : :
Cloudy day 4 4 2 1
etall (start efficiency) 0&960 06960 0s610 06390
Efficlency al (Btw/'hr=f2**F) 04747 0447 04666 04603
a2 (Btw/hr*fE"*F2) Q0020 00020 00w LilalilE]
Structural performance Dowmwand load {psf) +M0 +125 +200 +255
design pressure (DF) Uplift load {psf) -0 J0 875 55




Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

Verncrl ComponamT  ofF £ ANEC U\_)E((m'r*:

ON A SLove. 22"h x 5‘(’.|"w |4l Ly w/
FLuio

* As the panel is tilted upward,

the Ibs/sq ft applied to the Jifegs _ 12
horizontal projection of the roof " X
increases even though the ‘- 539"

panel weight does not change

uo e .
T C T TR T eamen 72'% 542"
RooE S \\\ 4( *
CaFreR, R
e 1b" j\?
SHINGLES

X Bultoive Mayerd AL AND Sapr PanEL
W EI6#TS Wit VARY. THougouehLy

IROVEsTlante ROGF (omiasition,
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Determine area load of system
(psf)

* Areais comprised of system
dimensions

FLvsk Mouvr Covme ot Warere

2 - PaneLSs
. "
o.3" (14~ 23/%\
5. A 540 L 4.
g :
p » s
CiM 14| 141 v
)
K FLasHIN -
NoRizontAa Peoyrcet®o  Panvec Wt
wz.wwr‘- 4l x2 = 4"
" i
Avga = 170-%2 % 59.G = \020]| n2
1O 2ol 1n* — 144 n* 0-% £
5t
D ISTRABLTED : 28% e
BOTES Lepo = £ - s.a1%,

70.%&™
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Example 1 — Flush Mounted
Solar Hot Water Flashed Into
Roofing — NO RAILS — Rafter
Roof

* Already determined the live load

DeEaC loprn  TAGU\AXIcA

2 fap SHINGULSS 2_0O pse PER LAteEp.
T ALy oo oG psP
2¥6  Rarrms C |6 1, o vse
5. 72 pPsF

HoRiZoptpl Peoykc it DEAD (LO0AD

& 5 % S\‘L"-i-&L

requirement is satisfied < R -
5.7 % \z-q'm' - 6.2 Seur
* Verify that the dead loads (“DL") | ki
are not in excess of 10 psf ;L p , R LR = B b
| [0-q" l‘ W THOUT SHINGLES
e If DL > 10 psf, further evaluation

utilizing shear & moment
calculation is needed

DL = 6.25-2.4= 3.95p<F

PlEERr. REAE e ro 'Orsr PER UDC (Homizonial

ACTOPL DEAN LOADS |, WJ peE

© TYALL Ruof (psE)

W=6.25 yo .5, L 10psr oI

@_W‘_FL_@‘vs__/fEx‘Dwff’ﬁ_yy»@_& ( wo 5!—mvtru.33

5.5 + 5.97 1.82- esr £ (Opsr Oo¥-_

—
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Example 2 — Flush Mounted Solar Hot Water Flashed

Into Roof — NO RAILS - Truss Roof

1. Determine original construction design loads

a. Manufacturer supplied calculations
b. Engineering analysis
c. Original documents

2. Tabulate new loads

a. Solar panel weight
b. Removal of roofing

3. Make comparison & judgment

Same process as Example 1

Copyright 2010 Lindau Companies, Inc.



Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

1. Check adequacy of existing rafter

2. Determine maximum allowable moment and shear (“M” and “V”) of
existing member based on UDC tables (using span & loads from tables)

3. Determine new load amounts & configuration on each rafter

4. Calculate new moments & shear diagrams and compare to maximum
allowable moment and shear.

If: M,,o,, <M OK
Vnew < Va %
If not: possibly add more supports or reinforce roof

allow

llow

Copyright 2010 Lindau Companies, Inc.



Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

BUILDING CODE
UNIFORM DWELLING CODE OF THE
WISCONSIN ADMINISTRATIVE CODE

SNOW LOAD, SL DESIGN LOADS:

[TTTTTTTTTTTITTTTT]
a DEAD LOAD, DL SNOW LOAD:
[TTTTTTTTTITTITTITTITTITIT] ZONE 2 - 30PSF

L 109"
’|' SNOW LOAD SLOPE ADJUSTMENT:
2'4%,

2-10" 18", 2-10" COMM 21.27-1(c)

._6"
_,\4 Cs=1-(a-30)/40

12 \\‘ s WHERE:

8 Cs=SNOW LOAD MULTIPLIER
Y a = ROOF SLOPE (PITCH OF 7-12 = 30DEG)

R
PANEL %
. WEIGHT
2X8 ROOF R

3 RAFTER @24" R
> PANEL >§ SNOW LOAD FROM MAP = 30PSF ZONE 2
° WEIGHT

7'-2"

Cs = 1-(33.69-30)/40
Cs =0.91

©

R —F REDUCED SNOW LOAD FOR SLOPE = 30x0.91=27.30psf
\— INSULATION AND CEILING
NOT ATTACHED TO RAFTER HORIZONTAL
DEAD LOADS: IN PLANE PROJECTION
ROOFING (ARCH) 2 7psf 3.2psf
Yo" SHEATHING (OSB) 2.4psf
(s/b2x8) 2X6 RAFTER(2.1PLF/2FT O.C.) 1 05 sf 1.3psf
TOTAL DEAD LOAD: 5.75psf 6.90psf

SOLAR PANEL LOADS:
4'-6" X 3'-4" = 15 SQ FT PROJECTED PANEL AREA

BUILDING SECTION

SL = 15X27.3 = 409 LBS OF SNOW (REDUCED FOR SLOPE)
DL PANEL =44 LB

DL RAIL =1PLF

Copyright 2010 Lindau Companies, Inc.



1) CHECK ADEQUACY OF EXISTING MEMBER

Example 3 — Flush EXISTING RAFTER: MOMENT AND SHEAR DIAGRAMS
NO. 2 SPF (SOUTH) Fb= 1035PSI, 1190PSI SNOW
Mounted PV System on e RSSO e,

TTTTTT TTTTTTTTTTTTT 2X8 @ 24", L/180 DEFLECTION
ROOF DEAD LOAD, DL 7PSF x 2FT O.C.=14PLF (0.014KLF) SNOW LOAD = SOPSF
" T DEAD LOAD = 10PSF (SHINGLES)

RERRRRRRRRRRRRRERD NO. 2 SPF (SOUTH) Fb=1150psi (SNow) O.K.
2X8 RAFTER @ 24"

Rails — Rafter Roof

R=0.371KIP 109" R=0.371KIP

0‘371””%% |
* UA%0.907 FTKIP
\%

Vmax=(WxL)/2

\. o

« Many structural design

|

| o |
manuals have beam | | !
diagrams and formulas for 1 } : Mmax=(WxLA2)/8
various static loading I | i
conditions such as
M max: (WLZ)/8 UDC TABLE: MOMENT AND SHEAR DIAGRAMS

l ROOF SNOW LOAD, SL ‘
30PSF x 2' FT O.C. = 60 PLF (0.060KLF)

PETTTTTTTTTTTTTTTT]

ROOF DEAD LOAD, DL 10PSF x 2FT O.C.=20PLF (0.020KLF)

TTTTTTTTTTTTTIT T T

2X8 RAFTER @ 24"

WHERE :
R=0.430KIP 10" R=0.430KIP W = (60+20) = 80 PLF
L =11-0" (FROM TABLE)

o l Vmax=(WxL)/2 = 440LB (0.44K)
y %%»\ | Mmax=(WxLA2)/8 = 1,210 FT*LB (1.21FT*K)

|

f ‘ Vmax = 0.440KIP
|
|
|

/‘W&‘
i i ]
M1 m
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Example 3 — Flush
Mounted PV System on

Rails — Rafter Roof

The rail reactions shown here have been
computed by the use of analysis software
because the rail is continuous over its supports
and indeterminate to solve

AT CLIPS WITHIN FIELD ONE PANEL REACTION TO RAIL EQUALS:
P = (409+44)/4 SUPPORTS = 113LB
FOR BOTH PANELS:
P =113X2=226LB
AT EDGE CLIPS PANEL REACTION TO RAIL EQUALS:

2X ROOF RAFTER @ 24" \ = (409+44)/4 SUPPORTS = 113LB

, [T 1T 1 7 et N |
| e | [ | l I
e I T T T |
‘ ‘I T\—R-msKIP : ‘][\-R=o.29K|P ‘/[T ‘[ R=°15K'P /CENTEIIR LINE OF RAIL
% = i _z# : 3
* 1 ! | R=0.10KIP | R=0.20KIP | | R=0.29KIP | | R—019KIP I | ]
5 RAIL 2 4’1[ L l_ —\l l[ | J/— — ] &
= | R 019KIP—/T | | Reo.10KP I | % )
: (o [ I 1
i T\_R_(,.,“;K,p { i | R=0.15KIP—/T |
. E | | | ' | | G
3 | . | [R-o.1oxxpl] ll /—R=0.29KIP : J![R=o19|<|P Jl‘ } ik
e Jﬂiiﬁﬁ.imi_ o PO —
] N N B B ‘

RAFTER 2 ___I
|

o

ROOF EDGE

RAFTER 8

ROOF PLAN
RAILS SUPPORTED AT 48in O.C.
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Example 3 — Flush

Mounted PV System on

Rails — Rafter Roof

..

-2256k -226k

Loads: LC 1, TOTAL
Fesulis Tor LC 1, TOTAL
FReaction unifis are k and k-t

i

029 o 029

Lindau Company

Bill Lindau

EXAMPLE 3: RAIL 1 ATTACHED AT 48" - COMPUTER ANALYSIS

Apr 27, 2010 at 5:22 PM

RAIL 1.R3D

Copyright 2010 Lindau Companies, Inc.




Example 3 — Flush

Mounted PV System on

Rails — Rafter Roof

..

-226Kk - 226k

a1

Loads: LC 1, TOTAL

015

29 0.23

I RL

Resulis for LC 1, TOTAL

Reaction unifis are k and k-t

Limdau Company

Bill Lindau Apr 27, 2010 at 5:25 PM
EXAMPLE 3: RAIL 2 ATTACHED AT 48in O.C. - COMPUTER ANALYSIS | RAIL 2R3D

Copyright 2010 Lindau Companies, Inc.




Example 3 — Flush
Mounted PV System on
Rails — Rafter Roof

RAIL ELEVATIONS
RAILS SUPPORTED AT 48" O.C.

34" , 34" L 34" ; 34" . 34"
REACTION TO— | T RreacrionFrOM | 1 1
ROOF, R \|P=0.113K P=0.226K‘/_ PANEL, P ‘P=0.226K JP=0.226K 1P=0.226K P=0.113K
’\\
f f f
R=0.15KIP || DER=0.29KIP I %R=O.27KIP I R=0.20KIP || R=0.15K|Pq!i
& | ] 4-0' ) 4-0" ) 4-0" ] 4-0" )
\e
RAFTER
RAIL 1 ELEVATION
y 34" : 34" . 34" " 34" ’ 34"
1 1 RreactionFrOM | | 1
P=0.113K P=0.226K ‘/_ PANEL(S), P ‘P=0.226K \P=O.226K LP=0.226K P=0.113K
%R=O.1OKIP ?R=0.19KIP I R=0.29KIP% I ?R:O.ZQKIP I R=0.19KIP‘$ R=0.10KIP%
& Ll 20 | Mo 40" ) 40" ) 4-0" L2

RAFTER

RAIL 2 ELEVATION

NOTE: REACTIONS INCREASE DRAMATICALLY IF RAILS ARE CANTILEVERED.

Copyright 2010 Lindau Companies, Inc.



Example 3 — Flush
Mounted PV System on
Rails — Rafter Roof

* Approximate methods
include:

a. Dividing the load among
the tributary areas of its
supports

Treating all spans as
simple spans and using
summation of moments
and the summation of
forces in the vertical
direction to solve for the
reactions

« A conservative approach
should be taken when using
approximate methods

RAIL ELEVATIONS
RAILS SUPPORTED AT 48" O.C.

RAIL 2 ELEVATION

NOTE: REACTIONS INCREASE DRAMATICALLY IF RAILS ARE CANTILEVERED.

Copyright 2010 Lindau Companies, Inc.

” 34" 34" 34" 34" 34"
REACTIONTO | 1 —reactionFrOM | 1 1
ROOF, R\P=O.113K P=0.226K l/ PANEL, P LP=0,226K 1P=04226K 1P=0.226K P=0.113K
LN—
] | I
%ijsmp i %R#).ZQKIP I Nﬁmo.zmp I %R=0.29KIP I R=0.15KIP%
& 40 ] 40" ) 40" 40" .
o
RAFTER
RAIL 1 ELEVATION
34" 34 34 34" 34"
REACTION FROM
P=0.113K  P=0.226K l/_ PANEL(S), P LP=0,226K 1P=0.226K 1P=O.226K P=0.113K
L
| | I
W rR=0.10K1P %R=0.19KIP i R=0.29KIP% N Nr=020kip | R=0.19KIP% R=o.10K|P[fE
# 20" ﬂ\ 40" 40" 40 b2 | “
"
RAFTER



RAFTER 1: MOMENT AND SHEAR DIAGRAMS

SAME AS RAFTER 9

Example 3 — Flush
Mounted PV System on
Rails — Rafter Roof

ROOF SNOW LOAD, SL
27.3PSF x2'FT O.C. = 55 PLF (0.055KLF)

[TT]

ROOF D&AD LOAD, DL 7PSF x 2FT O.C.=14PLF (0.014KLF)

Y
i

z

DIRECTION

SUuMMATION

Yy

Simple Spans: single beam

LT
supported at each end (also |

RERRRRRRRRRRRRRR

¥ ) |
12N éb : | (“ﬂ’j
| 59(\.%3\(‘—'%3)* MQO-‘N\ <

s £ 150{ ) 0o (s.zi) \ 150(64')
* (00 (cns'\ - €e (10.75)=0

.02 Q%: 352‘6 ¢ 4440 °\/c'

j ) . . R=0.15K’P R=0.10KIP R=0.15KIP  |R=0.10KIP

works for simple cantilevers with |
| 2X8 RAFTER @ 21"

some challenges) w05

. . 2 | 2093 ,

* Find Rg by summing moments B l61

| e-10% 2,93
about support A T o

’ ( 1&'-9'

« Find R, by summing vertical
forces

* Chart shear
« Area under shear (“V”) curve

: AA ZF‘T - d /

|
2¢7,b - |4((a.7y) - GS(l-%‘S\- (Y

- 100 - \S0-100+ Fa =U§

as one moves from left to right
creates the moment (“M")
curve

« The slope of the Moment
curve at any point represents
the rate of change in shear

« Moment curve changes

?O'N“'oj ’ 339 ’
) NFLECNGN .

] ¢ 4
F‘p, = 59%. 7 {40 ok

direction where shear curve
crosses axis

Copyright 2010 Lindau Companies, Inc.

M. 1.0fa.e L).2 o
oy -

- 0.40 ¢ 044 o
may



1) CHECK ADEQUACY OF EXISTING MEMBER

Example 3 — Flush ST L
Mounted PV System on T X E——

1 " TION
Ra”s — Rafter Roof TTTTTTTTTTTTIT T T oo gﬁ%v@vﬁgAglagoggiLEC 10

lRCiOFl DEll\Dl LOlADl. DT 7lPSII= X |2F'Ii O.|C_='14FI’LF|(0.(IJ14IKLT) DEAD LOAD = 10PSF (SH'NGLES)

NO. 2 SPF (SOUTH) Fb=1150psi (SNow) O.K.

2X8 RAFTER @ 24"

R=0.371KIP 109" R=0.371KIP

0‘371””%%\
" [ A%0.007 FTKIP
Vv

\ Vmax=(WxL)/2

| + 0.371KIP

: : |
« Compare resulting maximum | -
Moments and Shears to the | i
|
|
|

Mmax=(WxL"2)/8

design Moment and Shears. M

|
1
|

UDC TABLE: MOMENT AND SHEAR DIAGRAMS

' ROOF SNOW LOAD, SL \
30PSF x 2' FT O.C. = 60 PLF (0.060KLF)

PETTTTTTTTTTTTTTTT]

ROOF DEAD LOAD, DL 10PSF x 2FT O.C.=20PLF (0.020KLF)

TTTTTTTTTTTTTIT T T

2X8 RAFTER @ 24"

WHERE :
R=0.430KIP 110" R=0.430KIP W = (60+20) = 80 PLF
L =11-0" (FROM TABLE)

o Vmax=(WxL)/2 = 440LB (0.44K)
y %%»\ ! Mmax=(WxLA2)/8 = 1,210 FT*LB (1.21FT*K)

Vmax = 0.440KIP
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RAFTER 2: MOMENT AND SHEAR DIAGRAMS
Example 3 — Flush SANE AS RAFTER 8

Mounted PV System on
Rails — Rafter Roof

ROOF SNOW LOAD, SL
27.3PSF x2'FT 0.C. =55 PLF (0.055KLF)

Start the analySiS with the | ROOFE‘EADLOAD,DL TPSF X 2FT 0.C.=14PLF (0.014KLF)
rafters supporting the most IANIRARRRRRRRRRRERRD
load and similar members I o |
with less load and the same LT | R
load configuration can be " v o I
evaluated by comparison E 9-3119' )(J\M’ @ MNN Rarred. ‘f
. l ! |
| | || |
| 1 | | \/W\m<< \[W‘N e A
I
!— —f— ———— —‘ “l OF
o i el =5
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Example 3 — Flush
Mounted PV System on
Rails — Rafter Roof

Simple Spans: single beam
supported at each end (also
works for simple cantilevers with
some challenges)

* Find Rg by summing moments
about support A

« Find R, by summing vertical
forces

e Chart shear

« Area under shear (“V”) curve
as one moves from left to right
creates the moment (“M")
curve

« The slope of the Moment
curve at any point represents
the rate of change in shear

« Moment curve changes
direction where shear curve
crosses axis

RAFTER 3: MOMENT AND SHEAR DIAGRAMS

SAME AS RAFTER 7

ROOF SNOW LOAD, SL

27.3PSF x 2' FT O.C. = 55 PLF (0.055KLF)

I )

s e gy 26 ot
i ‘ R=0.29KIP .R=0.29K|P } 5 g (' ) 2%5)(' _:%E >§ »r \4 (lO-'7S> fz’ J
S, T )

. - Qe (lo.‘{&' 3 = d)

-]
Re= 5%4.S  oe

her=¢

334,5 ~ 55(1833) - 14 (lo-7)

— 290 - 290 + Ra "CD
K= 496.5" y 440 RE

MMA\f: ,n\ﬂ £ < ‘-Zl‘Ff-\C
oL

=

\/ - 0.50k) 0.44c
May

&
N
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R)\ FrE R 4 MOMENT AND SHEAR DIAGRAMS

Example 3 — Flush

Mounted PV System on
Rails — Rafter Roof
Simple Spans: single beam
supported at each end (also

A

works for simple cantilevers with  >*4]

some challenges)

Find Rg by summing moments
about support A

Find R, by summing vertical
forces

Chart shear

Area under shear (“V”) curve
as one moves from left to right
creates the moment (“M")
curve

The slope of the Moment
curve at any point represents
the rate of change in shear
(V)

Moment curve changes
direction where shear curve
Crosses axis

ROOF SNOW LOAD, SL
x2'FT O.C. =55 PLF (0.055KLF)

ROOF D#AD LOAD, DL 7PSF x 2FT O.C.=14PLF (0.014KLF)

(sAme As Larvie 6)

J o w(on)e2

|
FEERTTTTTTT

R=0.29KIP

(ztans 07 s 22

¥ 290 (2-23\ + 290(<1.73)

FTTTTTTT

R=0.20KIP ‘

.
T RAFTER

%44’

e @
2 44" v= @

Re = 427.4 % > 440 &

= +T ZF\('- Q@ 4%7.4- 55(\-9,12).. u4(l°-’r\
| — 290 = 290 > K, =

2x= 343.9%

Porrts om SHEAE (V) DIACRAWY
&) 342.9 = (ss+4)(herr) = 2.4
Y 2.4 - 14 (2.4 = (69.%

A4

¢) \69.% - 290 = ~ (2097
&) clzo.2 = (4(4.8) ==123.1
_—4¢9.9

d-1e3.2 - 290 = 4732

,(,\ _473.72 - 4(le) = 4%7.4

Mo frJ\iN*' Qi‘/

( Pou\rb o~ MomErtT DIAGCRAM 3

QHL@*&

|
Rlicand .=

| |
| |
i

i
|
iy
|
| !
| [

|
j FXGM.‘\ + "‘7—“(3,%’43 ) b9 (3_;> ’Mj"”};
1z - 1ee2(4T)- ez (A7) 490 fré
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Example 3 — Flush
Mounted PV System on
Rails — Rafter Roof

Start the analysis with the
rafters supporting the most
load and similar members
with less load and the same
load configuration can be
evaluated by comparison

Do not assume that
because the member
satisfies the moment
criteria that it will satisfy
the shear criteria

RAFTER 5: MOMENT AND SHEAR DIAGRAMS
UNIQUE

ROOF SNOW LOAD, SL
27.3PSF x2'FT O.C. = 55 PLF (0.055KLF)

THIS RAFTER. NAS LESS LOPD

|R00FD%ADL0AD.DL TPSF X 2FT 0.C.=14PLF (0.014KLF) o K THAR KAf TERe &S: BT
! 1 I[I RLARRRRARRRNREN (GITH tHe  <Ame CoNFiEvRATIO
| | [ R=0.27KIP )
If 2XGRAFTER@ 24" THUS? Mo mMENT 15 o
Aloe | F CHECK. SHEAR
j 6-10%4" 7
i ! 109" | (\L ZMP = ¢
] | | 933 1077
{ ;t | | SS(L%BB)(?\ v (o))
!— —H—— — __I— _— J 4+ 70 (z.%ci) + 2o (6-‘1‘>"QB({O-7/J'\
o e —
LTm————+ =¢
e e ]
Ffl———— =3 ge= 307-2
e
e
R R T T 4(10.77)
e ] — — 4
N s i QRSN
b= — — = — 1] , ¢
COlm oo G ATy Mo
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Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

AT CLIPS WITHIN FIELD ONE PANEL REACTION TO RAIL EQUALS:
P = (409+44)/4 SUPPORTS = 113LB
FOR BOTH PANELS:
P = 113X2=226LB
AT EDGE CLIPS PANEL REACTION TO RAIL EQUALS:
k’ = (409+44)/4 SUPPORTS = 113LB

2X ROOF RAFTER @ 24"

10"

46"
2-10'

10"
10-9"

10"

46"

|
E & £ £ £ g e ’ = ‘ £ ROOF EDGE
@ g g S S 2 2 2 2
ROOF PLAN

RAILS SUPPORTED AT 24in O.C.
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Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

RAIL ELEVATION
RAILS SUPPORTED AT 24" O.C.

) - ] - ) e ) o V -
REACTIONTO— ] REACTION FROM | 1 1
? P=0.113K F’=0.226Ki/_ PANEL, P JP=O.226K LP=0.226K 1P=0.226K P=0.113K
S
| }
R=0.12KIP N R=0.11KIP R=0.13KIP R=0.17KIP R=0.09KIP R=0.17KIP R=0.13KIP M R=O.12KIP%
e ] e N\ et A i
A ]

# #
\ar

REACTIONS TO ROOF ARE REDUCED TO THE
MAGNITUDES PROVEN ACCEPTABEL IN THE
REVIEW OF RAFTER 1 MOMENTS AND SHEARS
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Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

AT CLIPS WITHIN FIELD ONE PANEL REACTION TO RAIL EQUALS:
P = (409+44)/4 SUPPORTS = 113LB

TRANSFER MEMBER BETWEEN EACH FOR BOTH PANELS:
RAFTER AT EACH RAIL. P = 113X2=226LB
AT EDGE CLIPS PANEL REACTION TO RAIL EQUALS:
2X ROOF RAFTER @ 24" Y’ = (409+44)/4 SUPPORTS = 113LB
| e - I B TR ey ST SRS GRS TS CoTen (T TR RhN Shiee.y s deimess
. | | 5 ‘ , 1PLF RAlJr T
? ; 44LB SOLAR PANEL .
' g | 7 | [ I | &
, ? |
[ . N

R=0.29KIP

4'-6"

|

|
1 |
R=0.29KIP 0,18KIP

[ -

10'-9"

46

& E £ £
3 3 3 3 3 z 3 : 5
ROOF PLAN

RAILS SUPPORTED AT 48in O.C. - TRANSFER MEMBERS BETWEEN RAFTERS
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Example 3 — Flush Mounted PV System on Rails —

Rafter Roof

RAIL ELEVATION

RAILS SUPPORTED AT 48" O.C.
WITH TRANSFER MEMBERS INSTALLED BELOW

" 34 5 34" } 34 . 34" . 34"
REACTION TO " " REACTION FROM 1 1 1
ROOF, R\ P=0.113K P=0.226Kl PANEL, P l P=0.226K ‘P=0.226K lP=0.226K P=0.113K
A%

1 I I
| N AN S " ——

, EQ EQ
RAFTER @ 24" \
e ATTACH FOOT TO MID-SPAN

2X TRANSFER MEMBER OF TRANSFER MEMBER
WITH LT GA HANGERS

INSTALLED BETWEEN

RAFTERS AT RAIL ATTACHMENT

RESULTING LOADS TO RAFTERS IS ALMOST THE SAME AS IF THE RAILS WERE SUPPORTED AT 24in O.C.
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Example 4 — Flush Mounted PV System on Rails —

Truss Roof

1. Determine original construction design loads
Manufacturer supplied calculations
Engineering analysis
Original documents

2. Calculate rail reactions, load configuration, and tabulate dead
loads

If rail reactions fall between nodes, determine maximum _
moment (M) and shear (V) of members directly supporting rails
OR

If rail reactions fall at nodes, determine reactions at truss nodes
affected

3. Make comparison & judgment

I
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Example 4 — Flush
Mounted PV System on
Rails — Truss Roof

Review of Trusses:

. Capacities are
determined through a
lengthy process

. Usually performed by a
truss supplier

Panel Poinr
oR. NoDe ~

TINDIVID VAL M EMBERS MAKE
TRIANGOLAR. PRVES

Toe C Horo
WER MEMRER(S)

t Reacron, &

£V PPORT

Copyright 2010 Lindau Companies, Inc.

RotrdM CHORD



Example 4 — Flush
Mounted PV System on
Rails — Truss Roof

Divide top chord into simple
spans and use summation of
moments and summation of
vertical forces to determine
M and V

. RAlL ReAcmoNs NOT AT NOpe

"MoD) FIES—LOADS —

 DESIGN LoAo:
. 0O P S

B5 | " [€5 pee ]

| 20 TRVSS 47 24"

1

MEMBERZ @ W (TH
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|
k

 exi1shne temgec

M= WL - 20 (5Y°
PESIEN g5 —g"

= 750 £t.®
« MAY BE CoNSERVATIVEDY

\V = WA go(s)
DZS1AN =~ <

= 200"

Vm < V,?Ibt&im

N

ok

M7 M * NG

VESIN T——

Sk AN ENGINRER



Example 4 — Flush
Mounted PV System on
Rails — Truss Roof

Trusses are ideally loaded
at nodes / panel points

RAiL ReacrioN - A&y A
A’T Nopé 3 . }" [ 55/ PLF

Nove (D |
ES\GIN. = (20 +b°)§,_' X2
(Feom wWEmBERs [D % . - 400"

New lopp Av NOD

REnction  PROM. m
Gi% ¢ 55(4) (53 -H?-(E)(i) ~Ry (5)= ¢

Ry = llp*
ReAcrion FRem [2]

smp =% (106)(% ) R(5) =

R\ = 30‘# (Vi?.l)
dotal ggrcrion AY NOD -
1e* +30* r200* = 348" (‘f&)&
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Example 4 — Flush
Mounted PV System on
Rails — Truss Roof

Courtesy of Alan Harper
Plan Review Specialist IlI
City of Madison

Building Inspection

Reinforcing roof system
great simplifies the
approval process

CRITERIA FOR SIMPLIFIED APPROVALS OF ROOFTOP SOLAR

COLLECTOR INSTALLATIONS ON TRUSSES

The method shown below is approved as an acceptable method for supporting a solar
installation on a trussed roof. The following criteria must be met for this system.

1)
2)
3)
4)
5)

Notes:

1.

2.

The truss spacing must not exceed 24 inches on center.

A minimum of 4x4 lumber is used as a brace between trusses.

The brace is within 12 inches of a panel point on the top chord of the truss.

The support legs for the solar installation are lag or thru-bolted to the brace.

The brace is attached to the trusses with mechanical fasteners (hangers) sized to
carry the required uplift and down loads.

HANGER, e

- 4x4 BLOCKING
- LAG OR THRU-BOLT
o TRUSS PLATE

A panel point is where the webs meet the chord. There is a truss plate at this
location and it is the best location to install the brace. The mangers can be
nailed through the truss plates.

Several manufacturers make face-mount hangers that are suitable for this
installation. Hangers similar to the one shown in the diagram have a capacity of

approximately 280 pounds each. If two are installed at each end, this gives a
capacity of 1,120 pounds for this support.



Summary of Examples

Example 1 — Flush Mounted Solar Hot Water

Flashed Into Roofing — NO RAILS — Rafter Roof

o Evenly distributed loads are usually within the dead load
capacity of the roof system
Example 2 — Flush Mounted Solar Hot Water

Flashed Into Roof — NO RAILS - Truss Roof

o Evenly distributed loads are usually within the dead load capacity of
the roof system

Example 3 — Flush Mounted PV System
Supported by Rails — Rafter Roof

o Depending on the rail support configuration point loads can easily be
in excess of the roofs capacity.

o Distributing these loads over members at 24” will almost always be
acceptable

Example 4 — Flush Mounted PV System
Supported by Rails — Truss Roof

o Attachment or distribution to truss panel points/nodes may be
necessary
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Grading Existing Lumber

#2 Structural Framing

Source: National Grading Rule for
Dimension Lumber, “Standard Grading
Rules for West Coast Lumber No. 17”
(2004 edition), West Coast Lumber
Inspection Bureau

Courtesy of Alan Harper
Plan Review Specialist Il
City of Madison

Building Inspection

IDENTIFYING #2 STRUCTURAL FRAMING

“Old lumber so much better than new lumber.” We hear this or a similar quote quite often. However,
is this true and, whether or not it is true, can reasonable structural design values be found for old
installed lumber? To answer the first part, old lumber often came from older growth trees. It is typically
denser and “looks better” because it often came from the denser and more consistent center of the
tree. On the other hand, these trees were not groomed the way new lumber trees are so many times
large knots from large braches are found in the board and sometimes the grain curves and becomes
perpendicular to the length of the board. Both of these defects can severely weaken the board.

Other problems with older wood occur from aging. As the wood ages the cells break down.
Depending on atmospheric conditions and the presence of insects, mold, and fungi, this breakdown
can be slow to rapid.

The question that needs to be answered is, “Just how good the wood in this building?”

Often in older homes construction lumber has no grade stamp because the lumber was installed prior
to the practice of lumber grading. Reasonable structural properties may still be obtained for this
lumber by comparing it to values used for commonly used current construction lumber.

The most common “typical” lumber used in Wisconsin is #2 SPF. Structural properties for this grade
and species of lumber can be found in the National Design Specification For Wood Construction
published by the American Wood Council.

By comparing the observations of the installed lumber in the field to the following criteria for #2
structural framing, a determination can be made whether or not the installed lumber meets these
criteria. If the installed lumber meets these criteria, the design values can be taken as those for #2
SPF.

Without the observer being rigorously trained in lumber grading, a higher grade should not be
assumed. If the installed lumber does not meet the criteria shown here, the pieces not meeting the
criteria should be assumed to have no structural value.



Grading Existing Lumber

#2 Structural Framing

Source: National Grading Rule for
Dimension Lumber, “Standard Grading
Rules for West Coast Lumber No. 17”
(2004 edition), West Coast Lumber
Inspection Bureau

Courtesy of Alan Harper
Plan Review Specialist Il
City of Madison

Building Inspection

IDENTIFYING #2 STRUCTURAL FRAMING

Checks: Splitting of wood fibers within lumber.

checks

Criteria for #2 grade: Not limited. (Full depth checks at ends are splits.)

Knots: Part of a limb or branch that has been surrounded by growth.

Criteria for #2 grade: Well spaced knots of any quality are permitted in sizes not to exceed the

following table or equivalent displacement:
Well spaced: The sum of the sizes of all knots in any 6” of length of a piece must not exceed
twice the size of the largest knot permitted. More than one knot of maximum permissible size
must not be in the same 6" length and the combination of knots must not be serious.

Nominal width of joist | Knot at edge of wide | Knot in center of wide Holes
or rafter face face

4" 1-1/4" 2" 1-1/4
5" 1-5/8" 2-3/8" 1-3/8"
6" 1-7/8" 2-7/8" 1-1/2”
8 2-1/2 3-1/2" 2
10 3-1/4 4-1/4" 2-1/2"
12" 3-3/4" 4-3/14 3
14" 4-1/8" 5-1/14" 3-1/2"
16” 4-3/8" 5-7/8" 4-1/2"

For the narrow edge, ¥ of the knot size is allowed.
One hole is allowed per 2 lineal feet.

Pitch and bark pockets: Well-defined openings between rings of annual growth which develops
during the growth of a tree. The pocket contains pitch or bark.
Criteria for #2 grade: Not limited

Shake: A lengthwise separation of the wood which occurs between or through the rings of annual
growth.

7

{ Shake — separated wood

Criteria for #2 grade: If through at ends, limited as splits. Away from ends through shakes up to 2 feet
long, well separated. If not through, single shakes shall not exceed 3 feet long or ¥ the length
whichever is greater.

“Through,” in this case, means from edge to edge on the same face.



Grading Existing Lumber

#2 Structural Framing

Source: National Grading Rule for
Dimension Lumber, “Standard Grading
Rules for West Coast Lumber No. 17”
(2004 edition), West Coast Lumber
Inspection Bureau

Courtesy of Alan Harper
Plan Review Specialist Il
City of Madison

Building Inspection

Slope of grain:

Slope of grain

Criteria for #2 grade: Maximum 1in 8

Splits: A separation of the wood through the piece to the opposite surface or to an adjoining surface
due to the tearing apart of the wood cells.

/
7,\/

Splits
Criteria for #2 grade: Equal in length to 1-1/2 times the width of the piece.

Unsound wood (excluding white speck):

Criteria for #2 grade: Not permitted in thicknesses over 2”. In 2" lumber, small spots or streaks of firm
honeycomb or peck are limited to 1/6 the width. Any other unsound wood is limited to a spot
1/12 the width and 2" in length or equivalent smaller areas.
Honeycomb: A cellular separation that occurs in the interior of a piece of wood, usually along
the wood rays.
Peck: Deterioration and softening caused by fungus.
White speck: A fungal organism that invades living softwoods but ceases to develop once the
tree is cut. Lumber grading generally considers it a "cosmetic defect" and it may be found in
framing lumber.

Wane: Bark or lack of wood from any cause, except eased edges, on the edge or corner of a piece of
lumber.

Criteria for #2 grade: 1/3 the thickness and 1/3 the width full length, or equivalent on each face,
provided that wane not exceed 2/3 the thickness or % the width for up to % the length.

Source: National Grading Rule for Dimension Lumber, “Standard Grading Rules for West Coast Lumber No.17" (2004 edition), West Coast
Lumber Inspection Bureau.
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Questions/Discussions




Structural Implications of Mounting Solar
Panels on a Residential Wood Structure

4
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